INTRODUCTION
Two wells drilled for petroleum exploration in Morris and Geary Counties, Kansas, intercepted gas of unusual composition (Goebel and others, 1983 ). The gas encountered at a depth of 2,100 to 2,200 ft, consisted of about 50% hydrogen and 50% nitrogen with less than 1% light hydrocarbons (Goebel and others, 1984) . The U.S. Geological Survey, in conjunction with the Kansas Geological Survey, conducted soil gas surveys in the vicinity of these wells and beyond to determine: (1) if the gases in the wells could be detected near the surface and (2) if these gas measurements could delineate the areal extent of the gas field.
Two separate surveys were conducted along two east-west traverses that extended about 40-60 mi east and west of the discovery wells. In the first survey, helium in soil gas was measured and in the second, hydrogen, nitrogen, and other gases were measured.
HELIUM GAS SURVEY
Two helium traverses were conducted in conjunction with other gas surveys in northern Kansas. The Hutchinson helium traverse is located on the Hutchinson 2° sheet and consists of 210 samples spaced approximately 1/2 mi apart (plate 1). The Manhattan traverse is located on the Manhattan and Hutchinson 2° sheets and consists of 149 samples at 1/2 mi spacing (plate 1). This latter traverse is the same as that used in the deep seismic reflection survey by COCORP (Consortium for Continental Reflection Profiling) (Serpa and others, 1984) . Both of these surveys crossed over the Nemaha Ridge Fault zone and the Midcontinent Rift System, labeled MCRS on the maps (Anonymous, 1984) . All helium analyses were obtained using the mobile helium analyzer developed at the U.S. Geological Survey (Friedman and Denton, 1976; Reimer, 1976; Reimer and Denton, 1978) . The unit consists of a truck-mounted mass spectrometer which is self-contained and can operate either as a selfpowered mobile lab or in a fixed location using 110-V conventional power. The unit features an inlet system modified to accept gas samples from hypodermic syringes. Soil gas samples are obtained by driving 0.75-meter hollow probes into the ground and attaching a septum holder to the top of the probe. Ten cc's are withdrawn from the probe and discarded then a ten (10) cc sample is withdrawn at each sample locality and analyzed for helium within 4-6 hours. All helium concentrations in this report are expressed as parts per billion (ppb) above or below the ambient air background of 5,240 ppb He established by Glueckaus (1946) . Analytical precision is approximately ± 10 ppb He.
Sample numbers and helium concentrations are shown on (plate 1) and listed in tables 1 and 2. Stationary, permanent probes were established in areas central to each survey and soil gas was sampled at 2-3 hour intervals in order to detect significant changes in helium gas measurements induced by Table 1 . Sample site numbers, coordinates and concentration of helium in soil gas -Hutchinson traverse. Uncorr helium = raw data; corr helium = data corrected for diurnal variations. '4   101  102  103  104  105  106  107  103  10V  110  111  112  113  114  115  115  119  120  121  122  123  12*  125  126  128  129  150  131  132  133  155  136  137  15d  159  1-+0  1*1  142  143  144  145  1*5  147  149  201  202  205  206  207  20S  209  210 
MULTIPLE GAS SURVEY
Soil gases were sampled at 1/2-mi intervals along part of each of the two long traverses described above and along two shorter traverses (plate 2). A total of 190 soil gas samples were collected and analyzed over a 6-day period in July, 1984. Soil gas was sampled by driving a hollow steel probe into the ground to a depth of .75 m (Reimer and Bowles, 1979) . Five cm3 of soil gas were withdrawn from that depth with a hypodermic syringe and needle and immediately analyzed in a truck-mounted gas analyzer. The analyzer is a UTI model 100 c quadrupole mass spectrometer interfaced with a Tectronic model 31 programmable calculator.
This unit was used to analyze the multiple gases reported here but not the helium.
The gases are ionized in the mass spectrometer and the resulting positive ions are separated by a combined electrostatic and radio-frequency field imposed on four cylindrical rods. Each gas species has a unique mass-tocharge ratio that is detected in an electron multiplier. By varying the voltages on the rods at a constant rate, ions of different mass are sequentially scanned and the intensity of each mass/charge peak is measured. Standard gases are used to prepare calibration curves that relate peak intensity to concentration. The range of the analyzer is from 1 to 300 atomic mass units (AMU); however, the range used in this study was for AMU's from 1-100 (this range is scanned in about 40 seconds). The peak height is digitized and printed on paper tape alongside the AMU and is also recorded on magnetic tape. Power to operate the analyzer is provided by a 160-amp alternator and a DC-to-AC converter. It takes about 10 minutes at each site to collect and analyze the soil gas sample. About 40-50 samples per day can be collected and analyzed.
Concentrations of gases are reported in percent for N 2 and C02 and as peak heights (relative concentration) for H 2 and *The quadrupole mass spectrometer is manufactured by UTI Corp. of Sunnyvale, CA; a model c is interfaced with a Tectronic 31 calculator. The complete assembly was fabricated and installed in a field vehicle by Pernicka Corporation of Fort Collins, CO.
AMU is the mass of atomic molecular species measured.
RESULTS

Helium Surveys
The concentration of helium in soil gas varied around the ambient 5,240 ppb in air, from -106 ppb to +650 ppb on the Hutchinson traverse and from -86 ppb to +440 ppb on the Manhattan traverse. Anomalous concentrations of He (>100 ppb) were found along the Hutchinson traverse at sites from west to east 341, 215, 300, 237, 243, 247-248, 251, 125, 130-131, 270-271, 343, 348, 355, 288, 279, 276, 274 , and 144 (figs. 1A and IB) Most of these anomalies occur where the traverse crosses rivers, creeks, or topographic lineaments. The highest He value (650 ppb) occurs at site 300 ( fig. 1A) which coincides with the eastern contact of the rift-related rocks as mapped by Sims (1985) . The next highest value (455 ppb) occurs at site 355 ( fig. IB) in the vicinity of the Nemaha Ridge Fault System (Sims, 1985) . High values (up to 418 ppb) occur in the vicinity of Clarks Creek, Laird Creek, Munkers Creek, and Rock Creek. It appears that many of the He anomalies coincide with known or suspected faults which determined the location of creeks and which serve as conduits for the migration of gas to the surface.
Anomalous concentrations of He (>100 ppb) were found along the Manhattan traverse at sites (from west to east) 650 and 760, 828, 648, 722-721, 602, 604, 605 , and 810 (all on fig. 2A ), and 743 and 735 ( fig. 2B ). The highest He value (440 ppb) occurs at site 604 and coincides with a fault in the Rift Rocks mapped by Sims (1985) . The next highest value (415 ppb) occurs at site 760 ( fig. 2A) and coincides with the projection of a fault mapped by Sims (1985) . The next highest value (399 ppb) occurs at site 735 ( fig. 2B ) and is in the vicinity of the Nemaha Ridge Fault System. Other high values occur at Carter Creek (site 826), Fancy Creek (site 648), Sulphur Creek (sites 721-722), and at the confluence of the Big Blue and Black Vermillion Rivers (site 810). The last site also coincides with the eastern contact of the Rift Rocks. As in the Hutchinson traverse, most Manhattan traverse He anomalies coincide with mapped or suspected faults.
Multiple Gas Surveys
Sample numbers, latitude and longitude of site locations, and the concentrations of selected gas species in the soil gas samples are given in tables 3 and 4. Absolute concentrations of N2 and C02,are given in percent. Relative concentrations are given for Ho, C+ , and C3Hy and are all in the low parts per million range. The highest figures indicate the highest concentrations. These values are also plotted on maps (plate 2-4). The C+ ion at AMU 12 is a fragment that results from ionization of methane and other hydrocarbons. The CoHy + ion is a fragment that results from ionization of propane and higher alkanes. The C+ ion ma indi propane and higher alkanes. The C ion may indicate natural gas and the ion may indicate wet gas or petroleum (Jones and Drozd, 1983) . Surface measurement of volatile hydrocarbons is increasingly being used in exploration for oil and gas (Philp and Crisp, 1982; Jones and Drozd, 1983) .
Anomalous sites or areas for each gas are briefly described below. Several sites are considered to be anomalous based on increases in the trend of the analyses rather than on the absolute values because the absolute values changed from day to day. Each day there was a downward trend of hydrogen values and only at sites where the trend is interrupted are the values considered anomalous. Sites considered anomalous are (from west to east) 20, 21, 34, 58, 65, 73, 76, 84, 85, 93, 95, 96, 101, and 109 . The anomalies at sites 95 and 96 are on the projection of the Nemaha fault. The anomalies at sites 20 and 21 coincide with the eastern contact of the Rift Rocks while those at sites 93, 95, and 96 coincide with the Nemaha Ridge Fault Zone (Sims, 1985) . 
C+ (plate 3)
The highest values for C+ occur at sites (from west to east) 42, 43, 44, 107, 116, 117, 118, 137, 138, and 139 . Lower but still anomalous values occur on either side of the above sites and at other localities. These anomalies commonly coincide with stream drainages, Lyons Creek and to the northeast, Davis Creek, Clarks Creek, Lairds Creek, and Munkers Creek, and may reflect areas of methane leakage.
C3H 7+ (plate 3)
The highest values for C 3 H^+ occur at sites 1-6, 114-119, 63, and 65. Again, the highest values coincide with drainages and may reflect leakage of petroleum-related gas.
Manhattan traverse (plate 4) H 2 (plate 4)
Several sample sites are considered to be anomalous based on slight increases in the trend of analyses, rather than on absolute values. Sites considered anomalous are 158, 163-166, 175, 176, 189, and 190 . Anomalous Ho at site 158 coincides with the eastern contact of the Rift Rocks as mapped By Sims (1985) . The H ? anomalies at sites 163-166 coincide with a basement fault (Sims, 1985) .
N 2 (plate 4)
Most values for N 2 in the soil gas are below atmospheric abundance, however, several values are considerably higher (sites 152-154).
C02 (plate 4)
Values >0.1% are considered to be anomalous. The highest values are near the Sulphur Creek drainage at sites 183 and 184. Other anomalous sites are (from east to west) 156-160, 162-166, 171-173, 175, 177, and 180-186 . Anomalies at sites 155-157 coincide with the eastern contact of the Rift Rocks and the anomalies at sites 162-166 are over a basement fault.
C+ (plate 4)
Anomalous values (>50) occur in the area at the confluence of the Blue and Black VermiTlion Rivers and at sites (from east to west) 163, 171, 172, 177, 180-182, and 189 . Most of these anomalies coincide with drainages. The anomalies at the confluence of the Blue and Black VermiTlion Rivers coincide with the eastern contact of the Rift Rocks and that at site 163 with a basement fault.
C3 H 7+ (plate 4)
This gas species was found at only four sites, 152-154 and 156. These sites are east of those that are anomalous in C+ and may indicate petroleumrelated leakage.
GASES FROM BOREHOLES
Gas from two wells in the vicinity of Skiddy, Kansas, was sampled and analyzed in the field. The Scott 1 well is located in Morris County (20-14s-6e) and the Heins well is in Geary County (27-13s-6e). The analyses of gas from these wells is given in table 5.
Increase of approximately two times AMU 17 (OH + ) and 18 (H 20+ ) in Heins gas indicates an increase in water vapor. The ion fragment of AMU 17 (H0+ ) is about 20% that of AMU 18 (H20+ ) in the usual mass spectrogram for water (Heller and Milne, 1978) . However, in the Heins well gas samples the AMU 17 fragment is nearly 50% of the AMU 18 ion, suggesting the presence of ammonia (NH3 ) at AMU 17.
An increase in both AMU 15 and AMU 29 indicates a slight enrichment in hydrocarbons in the Heins well gas. The principal ion fragment in the mass spectrogram for propane occurs at AMU 29 ( fig. 1) , and C4-c 6 alkanes also have mass fragments at AMU 29. Thus, a small component of wet gas or petroleum is indicated. Interestingly, however, the AMU 15 fragment is increased more than twice that of the AMU 29 fragment suggesting enrichment in ^N. NO increase is found at AMU 13, a fragment typical of the ionization of methane which would be expected if the AMU 15 enrichment resulted from an increase in methane.
DISCUSSION
It does not appear that the soil gas studies reported here successfully delineated a hydrogen-rich gas field. Slightly anomalous concentrations of hydrogen were measured but it is not possible to say whether these anomalies originated at depth. Many of the gas anomalies occur at the same sites or in the same areas and frequently coincide with rivers and creeks, suggesting that their migration to the surface may be fault controlled. A good correlation is noted between gas anomalies and known and suspected faults (F. W. Wilson, written commun., 1984) .
The hydrogen enrichment reported in the Scott 1 well, and especially in the Heins well, has been confirmed by our field analyses. Various hypotheses have been proposed for the origin of the hydrogen (Goebel and others, 1984) . Hydrogen gas is extremely mobile and very difficult to contain, thus, the great enrichment found in the Heins well suggests that it is continually produced or outgassed from depth. Production of hydrogen by serpentinization has been proposed but the lack of known ultramafic rocks in the area argues against this (Paul Sims, pers. commun., 1986) .
The light deuterium values found in hydrogen gas from the Heins and Scott No. 1 wells are compatible with hydrogen that is in equilibrium with water at 200-300°C (Irving Friedman, pers. commun., 1986) . Assuming an average geothermal gradient of 30°C/km in the vicinity of the gas wells, the temperatures indicated would be found at a depth of 7-10 km.
As mentioned above, nitrogen from the Heins well is enriched in 15 N (by an estimated 20-30 0 /°<>). Batard et al. (1982) found 15 N enrichments of +22 and +26°/oo in thermal spring gases in France and concluded that the nitrogen was probably of deep-seated origin. Becker and Clayton (1977) found 15 N enrichment in mantle-derived basalts from Hawaii. Stahl (1977) measured the change in the C and N isotope composition of natural gases from fields in the Wustrow area of northwestern Germany and found that the N-isotope fractionation systematically increases with increasing migration distances in favor of the heavier 15N isotope. Thus, the apparent enrichment of the 15 N isotope in the gas of the Heins well is compatible with migration over a considerable distance (depth?). Maksimov et al. (1976) investigated high nitrogen gas pools in northern Europe and the USSR and concluded that the N£ originated during metamorphism, tectonic and magmatic activity, radioactivity, and constant release of "deepseated nitrogen" from the crust or mantle. They also found that 5N was enriched in some pools by as much as 15°/oo and noted that high nitrogen gases are restricted to "tectonic zones or to ancient lineaments" and postulated a deep-seated source.
Although not conclusive, the H and N isotopic composition of the gases suggests a deep source. This latter hypothesis will be tested by analysis of He in the gases. 
